Effects of bound ts3 on voltage dependence of sodium channel transitions to and from inactivation and energetics of its unbinding.
Recently, we proposed a quantitative model to explain the molecular mechanism of action of the Tityus serrulatus Ts3 alpha-toxin on sodium channels. In this model, the toxin acts as a stop that prevents the segment S4 of domain IV from reaching its outermost position, thus impairing the normal fast inactivation without affecting activation. In the present work, we analyze the predictions of the proposed model with regard to the voltage-dependent transitions to and from inactivation. Our results show that the recovery from inactivation was significantly faster in Ts3-bound channels and that there was no significant voltage dependence. The transition to inactivated state from open state in Ts3-modified channels presented a small but significant voltage dependence, which may derive from an intrinsic voltage dependence of inactivation or by a short movement of IVS4 in the presence of bound Ts3. We also studied the thermodynamic parameters of the voltage-dependent displacement of Ts3 from its binding site. We have observed that the activation energy to remove the toxin is 27 kJ/mol, part of which derives from the imposed depolarizing potential and the movement of an equivalent electrical charge of 0.54 e(0). These results support the proposed model.